To determine whether chloroplast RNA polymerase will accurately terminate transcription rn vitro, we have fused the spinach chloroplast rbcL promoter to the 3'end of the rbcL gene as well as to various factor independent transcription terminators from E. coli. Transcription of the rbcL minigene did not result in production of the expected 265 nucleotide RNA.
INTRODUCTION
It has been assumed that transcription termination in higher plant chloroplasts also will display prokaryotic features. In spinach chloroplasts the in vivo 3' ends of three plastid genes have been determined by
SI nuclease protection experiments (8-10). For two of these genes the 3'
seeds. Intact chloroplasts were isolated as described by Bartlett e_t al.
1982 (16) , except that 40-85Z percoll step gradients were used rather than
10-80Z linear gradients (17).
Transcriptionally Active Extracts.
Transcriptionally active extracts ("high salt extracts") were prepared from percoll gradient-purified spinach chloroplasts as decribed previously (17) .
Plasmid DMA Constructions.
The following six DNA fragments were used to construct the plasmid DNAs described in this study: 1) "P LS "; a 226 bp Ta£l DNA from pSoc801 Although such an iji vitro transcript was observed after extended exposure of the autoradiograra, these transcripts were not observed under conditions that gave clearly detectable termination at the thra terminator (Fig. 2, lane 5) . We conclude that the E. coli rrnC terminator is very inefficiently recognized by the chloroplast RNA polymerase. Transcription of the pTZ19-PLgTBjTB2 DNA, containing the two transcription terminators from the E. coli rrnB operon, resulted in three different sized RNAs, (Fig.   2, lane 7) . The most prominent of these three RNAs was also produced i_n vitro by transcription of this template by E. coli RNA polymerase (Fig. 5,   lane 2) . We conclude that this RNA is due to transcription initiation at the rbcL "-180" site and termination at the first rrnB terminator,
The mobility of this 400 nt RNA was somewhat slower, relative to the Haelll DNA size standards, than expected. This discrepancy in mobility between the RNAs and the DNA size standards became more pronounced with increasing molecular weight. A 560 nt RNA initiating at the rbcL "-180"
position and terminating at the rrnB Tg2 region was produced by E. coli RNA polymerase, and had an apparent molecular size of -800 nt (Fig. 5, lane 2).
Transcription termination by the chloroplast RNA polymerase at the gene 32 terminator in pTZ18-P L <.T32 should produce RNAs -390 nt in size.
Such transcripts were observed, but again this terminator produced much lower levels of RNA than the thra terminator (Fig. 2, lanes 10 and 11) .
The above results indicate that under conditions in which the spinach chloroplast RNA polymerase terminates transcription efficiently at the threonine attenuator, there is no detectable termination at the rbcL 3'-end region and only slightly detectable termination at the rrnC terminator.
Although the same conditions were used for these reaction, the absence of efficient transcription termination was basically a negative result. To have a positive control for these experiments, we also cloned each of these regions in tandem and 5' to the thra terminator. In addition, the rrnC terminator was inserted 3' to the thra terminator. These three plasmid DNAs were transcribed i_n vitro by the spinach chloroplast transcription extract (Fig. 2, lanes 3, 5 and 6 ). In each case the thra terminator still (Figure 3, lane 2) . For each of the templates used in this study we consistenly have observed that run-off RNAs migrate through polyacrylamide-urea gels with a much higher apparent molecular size than predicted. This artifact may be a consequence of the extensive secondary structure within these iji vitro transcripts. In addition to the run-off RNA there was an abundant RNA due to transcription termination by T7 RNA polymerase at the threonine attenuator (Fig. 3, lane 2 We decided to directly compare the efficiency of transcription of supercoiled and linear pTZ19-PLgT fl DNA by spinach chloroplast, E. coli and T7 RNA polymerases.
As expected, the spinach chloroplast RNA polymerase did not produce a discrete transcript from the linear DNA (Fig. 4, lane 5) . The E. coli RNA polymerase produced two sets of transcripts from the pTZ19-P LS T a supercoiled and linear templates due to initiation at the rbcL "-180" and "-80" regions. The "-180" transcripts ( p Lg T a ) vere produced with equal efficiency from supercoiled and relaxed DNAs, while the "-80" transcripts were slightly less abundant from the linear DNA template (Fig. 4, lanes 3 and 6) . Surprisingly, under our transcription conditions, the T7 RNA polymerase was approximately 400-fold less efficient on a linear than a supercoiled DNA template (Fig. 4,   lanes 4 and 7) . We have also transcribed pTZ19-P LS T c , pTZ19-P LS T B1 Tg 2 , and The DNA sequence is given for the spinach chloroplast rbcL 3' region and the five prokaryotic transcription terminators used in thiti report.
Dyad symmetry is indicated with arrows over the appropriate sequence. The authentic 3' termini are known for the rbcL (8) and thra (19) loci, and are indicated with arrowheads. The underlined bases are the 3'-end assignments used to calculate the expected transcript lengths (Table I) .
The approximate free energy of each potential RNA hairpin structure was calculated according to the method of Freier e± al. (29) . The relative efficiency of transcription termination at each region by the spinach chloroplast RNA polymerase is given.
A minus sign indicates that transcription termination was not detectable.
The numbering above each sequence refers to its nucleotide assignment in the following references: rbcL (8), thra (19), rrnC (20), rrnB (22) and gene 32 (37) .
for the RNA polymerases used in this study, it has previously been reported that E. coli RNA polymerase will terminate i_n vitro at the T fl and T g j terminators with 90Z (30) and 801 (31) efficiency, respectively.
As expected, in this report both the thra and rrnB regions were strong transcription terminators for the E. coli enzyme (Fig. 4, lane 3 
